INTRODUCTION
Pea is an important temperate region pulse (edible seed of plants in the legume family) with feed, fodder and vegetable uses. It originated and was domesticated in Middle East and Mediterranean regions, and was an important component of the diet of early civilizations (Smýkal et al., 2013) . Peas have nutritional importance due to their high content of protein, complex carbohydrates, dietary fibre, minerals, vitamins, and antioxidant compounds. Although peas are widely used in animal nutrition, human consumption of peas is lower than that of other traditionally more accepted pulses. Nevertheless, in recent years, the wealth of nutrients available from pea and its beneficial functional properties have prompted increasing interest and demand for this legume for food preparation oriented to geriatric and infant nutrition (Urbano et al., 2005) . Maple peas (Pisum sativum var. arvense L.), a local legume growing in Europe, and one of the staple foods in Latvian cuisine, could be used for innovative product development to satisfy the daily needs for protein and fibre, as well as increase pulse consumption.
Growth in the number of vegetarians, meat avoiders and meat reducers has stimulated the use of plant based ingredients that can extend meat products while providing functional and high-protein foods or can be consumed directly as meat substitutes. Plant-based ingredients such as meat substitutes are successful because of their healthy image (cholesterol free), meat-like texture, and lower cost (Asgar et al., 2010) . The concept of commercially available pulse spreads as an innovative product and an alternative to traditional animal-derived spreads or pates is fairly new, however, as non-dairy and reduced fat/calorie spreads are becoming popular for health-conscious people, animal product alternatives have the potential to contribute to overall public health, as well as increasing consumer choice. The main vegetable protein spread is hummus, a Middle Eastern and Arabic food dip or spread made from cooked, mashed chickpeas blended with tahini, olive oil, lemon juice, salt and garlic, which is popular around the globe (Marks, 2010) .
During the preparation procedure, hummus is vulnerable to bacterial cross contamination from ingredients, utensils, and the environment. Except for boiling of the chickpeas, there is no heat treatment during preparation and no chemical preservative is added. These conditions limit the shelf life of hummus to 24-72 h under refrigerated temperature (Yamani and Al-Dababseh, 1994) ; in addition, it may be exposed to higher temperatures during mishandling and serving, which PROCEEDINGS OF THE LATVIAN ACADEMY OF SCIENCES. Section B, Vol. 70 (2016), No. 6 (705) (Yamani and Mehyar, 2011) . Consequently, this short shelf life limits the large scale production of hummus to the home level or to local production to be sold and consumed within 2-3 days. The most widely used and effective preservation techniques currently used to prevent or delay food spoilage include temperature, pH, and water activity (a w ) reduction, as well as heat application (Gould, 1996) . The most suitable treatment to extend hummus shelf life is addition of preservatives, as traditional heat treatment significantly reduces hummus flavour and very slight changes in pH significantly alter sensory properties like taste and texture (Yamani and Al-Dababseh, 1994; Yamani and Mehyar, 2011) . Legume spreads can be highly suitable for the growth of a wide range of microorganisms, including lactic acid bacteria and yeasts (Yamani and Mehyar, 2011) , due to high a w (above 0.98), high concentration of oligosaccharides and if pH is relatively low (about 5.1) (Keenan et al., 2011) .
So far there has been little to none research on maple peas as a raw material for spread production. Mountain Meadows Food Processing Ltd. from Canada produces "No Nuts Golden Pea butter" which is a food spread made from brown (maple) peas and functions as a substitute for peanut butter, mainly for consumers with peanut allergy. It has high content of canola and modified palm oil and added citric acid.
Maple pea spread developed at the Department of Food Technology (Latvia University of Agriculture) has similar constituents as hummus (Kirse and Karklina, 2015) . Therefore different heat application methods to extend shelf life should be considered, as consumers are becoming more cautious towards the use of preservatives.
Sous vide cooking differs from traditional cooking methods in two fundamental ways: the raw food is vacuum-sealed in heat-stable, food-grade plastic pouches and the food is cooked using precisely controlled heating. Vacuum-sealing has several benefits: it allows heat to be efficiently transferred from the water (or steam) to the food; it increases the food's shelf life by eliminating the risk of recontamination during storage; it inhibits off-flavours from oxidation and prevents evaporative losses of flavour volatiles and moisture during cooking (Church and Parsons, 2000) ; and reduces aerobic bacterial growth -this results in especially flavourful and nutritious food (Garcia-Linares et al., 2004) . Sous vide technology allows to obtain products with an extended shelf life and a quality similar to that of fresh food. Sous vide products are typically heated at relatively mild temperatures (65-95°C) for a long period of time. After the heating process, the products are quickly cooled and kept under chill storage conditions (1-4°C) (González-Fandos et al., 2004; Singh et al., 2004) . When cooked at 80-90°C, pouches may balloon and need to be held under the surface of the water (e.g., with a metal rack). The pouches balloon because of expanding residual air left in the pouch after vacuum-sealing and because some of the moisture in the food is converted into water vapour (Baldwin, 2012) .
One of sous vide packaging advantages, besides production without preservatives, is single portion packaging so that the product can be used in one serving and with no spoilage of the product. Compared to glass jars (when sterilised) or plastic cups (if preservatives are added), polymer pouches can be produced in different forms and styles for easier product use, and the product can be removed from packaging without the need of other utensils (e.g. spoons or knives). The shelf life of sous vide products ranges from 7 to 52 days and depends on the food composition (González-Fandos et al., 2004; Levkane et al., 2010) .
The aim of this study was to determine the effect of sous vide packaging on the shelf life of maple pea (Pisum sativum var. arvense L.) spread.
MATERIALS AND METHODS
Experimental design. The study was carried out at the Department of Food Technology, Latvia University of Agriculture in 2015. The object of the research was maple pea spread. The following materials were used for pea spread production: maple peas 'Bruno' (Pisum sativum var. arvense L.), "Extra virgin" canola oil (Iecavnieks Ltd., Latvia), citric acid (Spilva, Ltd. Latvia), Himalayan salt (Pakistan) and herb (dried tomato, garlic and basil) spice "Bruschetta" (P.P.H. fleischmann schaft®-Polska Sp. z o.o., Poland).
Preparation of maple pea spread. Pea spread was prepared at the laboratory of Faculty of Food Technology, Latvia University of Agriculture based on vegetarian spread preparation technology (Kirse and Karklina, 2014) . Maple peas were soaked in water (with added NaHCO 3 , 21.5 g·kg -1 ) at 20 ± 2°C for 15 h, then rinsed and boiled in a pressure cooker (KMZ, USSR) until tender (about 35 ± 5 min plus 15 min for natural pressure release). Warm cooked peas were then ground in a food processor (Philips HR 7761/00, Philips, The Netherlands) together with salt and citric acid. Spices were added to the pea paste and oil was added at the end of mixing in the food processor. The maple pea spread consisted of 92.5% cooked maple peas, 5.9% canola oil, 0.4% salt, 0.2% citric acid and 1% herb spice "Bruschetta".
Thermal treatment and storage of pea spread pouches. For treatment and storage we employed polyamide / polyethylene (PA/PE) film pouches with barrier properties (45 mm × 170 mm, film thickness 60 ± 3 µm, SIA "PTC"), sous vide processing and chilling. Weight of each sample was 50 ± 1 g. Pea spread was packaged in vacuum and hermetically sealed by a chamber type machine MultivacC300. The pea spread pouches were heat treated (pasteurised) in water bath, then rapidly cooled in ice-water and stored at 4.0 ± 0.5°C .
Heat treatment of pea spread pouches in a Clifton Food Range water bath was carried out at three different heat regimens t e = +(65.0; 80.0 and 100.0) ± 0.5°C, which corre-sponds to core temperatures of the packaged pea spreads t p = +(63.0; 76.0 and 98.0) ± 1.0°C. Six different cooking times were tested: t cooking = 5; 10; 15; 20; 25 and 30 min at constant temperature (Table 1) .
After heat treatment, packages were immediately chilled in 2 ± 1°C cold ice-water to temperature 4.0 ± 0.5°C; all samples were cooled within 15 min after heat treatment and then stored in a commercial refrigerator at 4.0 ± 0.5°C. Microbiological testing was completed within one hour after cooling.
Samples that were selected for evaluation of sous vide thermal treatment efficiency on microorganism viability during product storage were stored in a Commercial Freezer/ Colder ELCOLD (temperature recorded by GreisingerMINILog) for 120 days under fluorescent light (OSRAM Lumilux De Luxe) with radiant fix at 100-800 lux (measured by Light meter LX-107). Samples were analysed in duplicate on days 0, 1, 3, 6, 9, 16, 22, 30, 37, 45, 56, 67, 79, 88, 100, and 112 .
Microbiological testing of pea spread. Preparation of test samples, initial suspension and 10 times dilutions for microbiological examination were carried out according to LVS EN ISO 6887-5:2011 (Anonymous, 1999 . Total plate count (aerobic and facultative anaerobic, mesophilic bacteria, hereafter referred to as TPC) was determined according to the standard LVS EN ISO 4833-1:2014 Horizontal method for enumeration of microorganisms (Anonymous, 2014b) . 90 ml 0.1% peptone water was added to 10 g samples of pea spread in a stomacher bag; then the samples were homogenised with a stomacher BagMixer400 (Interscience, USA) for 10 seconds. After preparing serial 10 times dilutions of the homogenate with 0.1% peptone water, triplicate plates were prepared using the pour plate method for enumeration. (Anonymous, 2014a) , pea spread is included in category 5, i.e., cooked foods chilled but with some handling prior to sale or consumption, where satisfactory microbiological safety occurs if the total plate count for ready to eat pea spread is below 10 5 CFU g -1 .
Colour analysis. Colour changes in pea spread samples were measured in a CIE L*a*b* colour system using Colour Tec PCM / PSM (Accuracy Microsensors Inc., USA). Colour values were recorded as L* (brightness), a*(-a, greenness, +a, redness) and b* (-b, blueness, +b, yellowness). The measurements were repeated tenfold on randomly selected locations at the surface of each sample. The influence of sous vide heat treatment on the total colour difference (DE*) was calculated by the following equation:
where DE * -total colour difference, L* -L* 0 -colour intensity (lightness) difference before and after heat treatment, a* -a* 0 -difference of green and red colour before and after heat treatment, b* -b* 0 -difference of blue and yellow colour before and after heat treatment.
Pea spread samples with the longest cooking time (t cooking = 30 min) were subjected to colour analysis within one hour after chilling. Software and data processing. The obtained data processing was performed using software R 3.0.2 and Microsoft Office Excel 14.0; differences among results were analysed using one-way analysis of variance and Tukey's test. The results were expressed as mean ± standard deviation. For the interpretation of the results it was assumed that a = 0.05 with 95% confidence and differences among results were considered significant if p-value < a 0.05 .
RESULTS
TPC in pea spread control samples (A) was significantly different (p < 0.05) compared to that of pea spreads in sous vide packaging at various heat treatment regimens (Figs.  1-3) . TPC in heat-treated pea spreads at 65 ± 0.5; 80 ± 0.5 and 100 ± 0.5°C with different cooking time significantly differed (p < 0.05). None of the samples exceeded either of the defined admissible TPC levels. Pea spread samples heat-treated at 65.0 ± 0.5°C had significantly lower TPC than in control sample A (Fig. 1 ), but the reduction was by less than one-log. There were not significant differences among TPC in all samples heat-treated at 65.0 ± 0.5°C (p = 0.732).
Heat-treatment at 80.0 ± 0.5°C temperature showed significant reduction in TPC compared to control sample A (Fig.  2) , one-log reduction in samples H (t cooking = 5 min) and I (t cooking = 10 min) and almost two-log reduction in samples J (t cooking = 15 min), K (t cooking = 20 min), L (t cooking = 25 min) and M (t cooking = 30 min). The microbial contamination level of pea spread sample N, which was cooled at room temperature, was not significantly different (p = 0.261) than that of the non-heat-treated pea spread (sample A). Samples J to M showed significantly higher reduction of microorganism count than samples H and I (p = 0.016). Considerable differences were not found between TPC of samples J to M (p = 0.541).
The results showed that there was a three-log reduction of microorganism count with heat-treatment at 100.0 ± 0.5°C (Fig. 3) . Samples R (t cooking = 15 min), S (t cooking = 20 min), T (t cooking = 25 min) and U (t cooking = 30 min) had significantly lower microbial contamination than other samples (p = 0.011). Samples O and P had a significant reduction of microorganism count compared to that of the control sample, however, they had considerably higher microbial load than samples with longer cooking time. TPC in samples R to U was not significantly different (p = 0.821).
Effect of storage time was studied using with non-heattreated pea spread (control sample A) and sous vide sample J (t e = 80.0 ± 0.5°C, t cooking = 15 min) and R (t e = 100.0 ± 0.5°C, t cooking = 15 min). Microbial contamination in sample J during thermal treatment decreased from 2.56 × 10 3 CFU g -1 to 5.00 × 10 1 CFU g -1 and in sample R from 2.56 × 10 3 CFU g -1 to 1 × 10 1 CFU g -1 .
Pea spread without thermal treatment exceeded the admissible level of TPC (N < 10 5 CFU g -1 ) for ready-to-eat spreads after less than seven days of storage at refrigerator temperature (Fig. 4) . TPC in samples J and R was significantly different (p = 0.009) during the whole storage time of sous vide pea spread and exceeded the admissible level of TPC (N < 5·10 3 CFU g -1 ) for vegetable spreads after three months. It is possible to ensure microbiological safety of sous vide heat-treated pea spread with cooking time 15 min at 80.0 ± 0.5°C temperature for up to 96 days and at 100.0 ± 0.5°C temperature for up to 106 days. Enterobacteriaceae were not detected in any of the samples.
Colour analysis showed significant differences (p = 0.008) between the total colour difference DE* of pea spreads in sous vide packaging (Table 2) . Control samples (vacuum packaged, without thermal treatment) had the lightest colour and the lowest value of a* (redness component 3.79 ± 0.33). The darkest colour was observed in pea spread heat-treated at 100.0 ± 0.5°C. Sample U also had the greatest total colour difference compared to the samples heat-treated at lower temperatures.
DISCUSSION
Sous vide packaging technology has several advantages over traditional packaging. Thermal processing has become a worldwide trend, especially in the catering business (Baldwin, 2012) . However, effect of sous vide on product shelf life extension is highly dependent on factors such as cooking time and temperature. The results showed that the selected cooking times (5; 10; 15; 20; 25 and 30 min) and temperature (65 ± 0.5; 80 ± 0.5 and 100 ± 0.5°C) significantly affected total plate count in sous vide pea spread (p < 0.05). Heat treatment at 65.0 ± 0.5°C showed less than one-log reduction of microorganisms compared to that of the control sample, and therefore showed lack of suitability for shelf life extension of sous vide pea spread.
One of the most important aspects of sous vide cooking is rapid chilling (or immediate consumption) and refrigeration of heat-treated products. It prevents the germination of microorganism spores and subsequent outgrowth and multiplication of microorganisms, as spores are heat-tolerant at temperatures below +100°C. Low temperature is effective in preserving chilled foods either by totally inhibiting the growth or reducing subsequent growth of these microbes by prolonging the lag phase. The classic danger zone for sous vide is between +4.4°C and +60°C (Baldwin, 2012) ; therefore sous vide food must be chilled below +4.4°C. The relevance of this can be seen when comparing sous vide pea spreads at 80.0 ± 0.5°C temperature. Slowly cooled pea spread (sample N, cooled at room temperature) did not show significantly differences (p = 0.261) from non-heattreated pea spread (sample A) (Fig. 2) in the microbial contamination level. Two-log reductions of microorganisms were obtained in pea spreads at cooking time t cooking = 30 min when pea spread was correctly cooled (sample M).
Heat-treatment at 80.0 ± 0.5°C temperature did not show significant differences in TPC for samples J to M; hence it can be concluded that cooking time t cooking = 15 min is as effective as t cooking = 30 min and that heat-treatment at 80.0 ± 0.5°C (t cooking 15 min) is suitable for extending shelf life of sous vide pea spread.
Pasteurisation at 100.0 ± 0.5°C (product core temperature 98.0 ± 1.0°C), which is fairly high for sous vide products, showed similar results as with heat treatment at 80.0 ± 0.5°C ; no significant differences were observed among samples heat treated for 15 to 30 minutes. It can be concluded that cooking time t cooking = 15 min is as effective as t cooking = 30 min. Heat-treatment at 100.0 ± 0.5°C temper- ature (t cooking > 15 min) is suitable for shelf life extension of sous vide pea spread.
To evaluate thermal treatment efficiency of sous vide and ensure the safety of pea spread while maintaining its quality, it was important to analyse the influence of sous vide thermal treatment on microorganism viability during product storage. Samples J (t e = 80.0 ± 0.5°C, t cooking = 15 min) and R (t e = 100.0 ± 0.5°C, t cooking = 15 min) were considered to represent the most suitable treatment based on the shorter (thus energy saving) thermal treatment cycle (compared to other samples with which they lacked significant differences in TPC), as their microbial contamination levels after sous vide treatment were acceptable. Shelf life extension of sous vide pea spread at different temperatures was compared to control sample A, which exceeded the admissible level of TPC (N < 10 5 CFU g -1 ) for ready-to-eat spreads in less than a week. Sous vide treatment demonstrated improvement in pea spread shelf life compared to the control sample, for which the short term storage (1 week) would not allow any manufacturer to expand sales in distant regions of Latvia or export this product. Both 80.0 ± 0.5°C and 100.0 ± 0.5°C temperature heat treatments with cooking time 15 min were suitable for pea spread in sous vide packaging from a microbiological point of view, however, pasteurisation at 80.0 ± 0.5°C was more economically efficient.
Heat treatment temperature had a significant impact on the colour of sous vide pea spread (p < 0.05). Colour is one of the main factors which the consumer perceives as a quality indicator of the product, and such technological parameters like packaging material, light exposure during storage and the type of preparation (Murcia et al., 2003) strongly affect product colour. Aroma of sous vide pea spreads during storage was also tested; pea spread heat treated at 80.0 ± 0.5°C had a more pronounced aroma of peas and spices (basil and garlic) compared to samples at 100.0 ± 0.5°C temperature. Thermal treatment temperature can also have significant impact on other sensory attributes important to the consumer. Sensory evaluation, as well as complete economic calculation, must be performed to choose the optimal sous vide heat-treatment regimen to extend the shelf life of maple pea spread with bruschetta spice. Nevertheless, based on microbiological parameters, the study found that it was possible to extend the shelf life of sous vide maple pea spread by up to 14 weeks when stored at 4.0 ± 0.5°C. 
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